Introduction
Carbon based materials, especially graphite, are dominant in the battery industry as an anode material for lithium-ion power packs. Looking specifically at graphite, this is due to its overwhelming advantages such as ease availability, good reversibility with high Coulombic efficiency and an appreciable capacity (372 mAh g -1 ) [1] [2] [3] . Furthermore, the lower insertion potential of Li + provides a high energy density of the cell (~150 Wh kg −1 and ~400 Wh dm −3 ). However, state-of-the-art lithium-ion batteries suffer from the processing cost, durability and safety issues relating to electric vehicle (EV) and hybrid electric vehicle (HEV) applications [4] . The operating potential of a graphitic anode is very close to metallic lithium, in which dendrite formation could be unavoidable, particularly at high current rates.
Thus, other carbon nano-structures such as carbon nanotubes [5, 6] , nanofibers [7] , graphene [8, 9] , activated carbons [10] and composite with other transition metal elements [11] have been proposed as alternatives to their high power applications, stated above [12] . Apart from nanofibers, the counterparts suffer in various aspects, like higher insertion potential in composites, high cost, poor cycle-ability, the difficulty to achieve theoretical capacity etc., [13, 14] . The carbon nanofibers (CNFs) can accommodate more lithium than conventional intercalation mechanism (LiC 6 ) in graphite due to their turbo-static storage behaviour [15] . So far, only a few reports are available on the lithium storage behaviour of CNFs prepared by various synthetic routes, such as pyrolysis [15] , electro-spinning [7] , vapour growth [16] [17, 18] .
Experimental
Polyacrylonitrile, PAN (M w = 150,000) and dimethyl formamide (DMF) were purchased from Aldrich and used as received without any further purification. In the typical synthesis, 1 g of PAN was dissolved in 10 ml of DMF and the solution was stirred for 24 h at room temperature to form a homogeneous pale white colour solution. Later, this prepared solution was introduced into a 10 ml syringe with a hypodermic needle (diameter 27 G) in a controlled electro-spinning setup (ELECTROSPUNRA, Singapore). The flow rate and applied electric filed was varied to obtain the optimal conditions to yield nanofibers, for example a flow rate of 1.2 ml h -1 and an applied electric field of 1.5 kV cm -1 . The distance between needle tip and collector against the applied electric field was set as 14 cm, which aided the stretching of the jet due to an increase in the distance covered by the spiralling electro-spun jet before being deposited on the collector. The fiber mesh obtained shown in Fig. 2 
Results and discussion
The powder x-ray diffraction pattern of CNF is shown in figure 1 (a). Two broad peaks around ~25 o (0 0 2) and ~42 o (1 0 0) are signatures of carbon with a typical nanocrystalline structure. Dahn et al. [15] , proposed an empirical parameter (R) to estimate the number of carbon nanosheets arranged in a single layer. The parameter R corresponds to the ratio of height of (0 0 2) reflection to the background, which is illustrated in figure 1(a) . The 5 parameter R is calculated as 2.17 and this indicates a relatively higher degree of graphitization, which suggests a larger concentration of the parallel single layers in carbon materials. Besides, it is well known that carbon with higher graphitization and a better crystallite structure enables better electronic conductivity profiles. It is well known that a solid electrolyte interphase (SEI) formation takes place ~0.7 V versus Li, particularly on carbonaceous anodes [3] . From figure 3(a), it is clear that the decomposition continues until 0.46 V versus lithium for SEI and it mainly comprises polycarbonate, polyethylene oxide and some inorganic products, which consume of excess lithium in the first cathodic sweep. This clearly indicates the reduction process of Li-ions and its reactivity towards defects available in CNFs [16] . Moreover, the reaction involves formation of SEI, which is irreversible; this is apparent when compared to subsequent cycles.
As discussed earlier, the CNFs comprise partially graphitized carbons (formed by the assembly of graphitic layers) along with amorphous carbon. More clearly, a reduction 7 potential below ~0.5 V corresponds to the lithium binding on the basal plane of graphitic layers. In such process, lithium can be adsorbed on both sides of layers, which leads to two layers of lithium with the theoretical capacity of 744 mAh g -1 via the possible formation of Li 2 C 6 [8] . In the anodic sweep, above ~0.5 V is ascribed to the faradic capacitance on the surface or on the edge-sites of graphitic sheets composed by CNFs.
Galvanostatic charge-discharge profiles of Li/CNF cells were recorded between 0.005-3 V at current density of 200 mA g -1 in room temperature and are given in figure 3(b) .
The Li/CNF cell delivered an initial discharge capacity of 826 mAh g -1 at 200 mA g -1 current
density. However, during the subsequent charge 417 mAh g -1 , capacity only reversibly obtained. The irreversible capacity loss is almost half of the initial discharge capacity obtained. During the first discharge, the cell showed flat potential region of ~0.5 V and this may related to the adsorption of lithium ions on the surface of the fibers or nanosheets of graphic layers so-called pseduocapacitive storage [1, 15, 16] . At the same time, the cavities between nanosheets, due to scrolling and crumpling, could also contribute to the excess lithium consumption [1, 16] . According to the micropore mechanism [15] , the extraction of lithium from the cavities has to go via the graphitic domains. The reaction between lithium ions and the carbon nanostructures results in an appreciable voltage hysteresis during the charge process. The SEI formation and the defects in the fibres also consume lithium during the first discharge; this cannot be excluded, whereas a Li/CNF cell delivered a capacity of 370 and 350 mAh g -1 for the second discharge and charge, respectively. The obtained discharge capacity in second cycle is almost the same as the theoretical capacity of graphite [16] . Li et al. [13] , also reported porous carbon fibers derived from the conducting polymers, which However, long-term cycleability is the main concern for CNFs, irrespective of the synthesis procedures employed. Further studies are in progress to improve the cycleability of the CNFs using a simple and scalable electro-spinning method.
Conclusion
To conclude, a simple electro-spinning technique has been adopted to synthesis CNFs derived from PAN. X-ray diffraction and Raman studies revealed that the CNFs comprise partially graphitized carbons. SEM and TEM pictures showed the fibrous nature of carbon before and after sintering. The electrochemical lithium storage properties were evaluated by means of a half-cell configuration with lithium and showed discharge capacity of 826 and 370 mAh g -1 for the first and second cycle respectively, at a current density 200 mA g -1 .
Capacity fading is encountered during prolonged cycling of 200 cycles. Cycle number
